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Abstract ‘ Transparent and conducting aluminum doped zinc oxide (ZnO) films were prepaicd by the sol-gcl technique on silica-glass substiales 
\  simple analog subtraction circuit has been fabricated to measure the Secbcck coefficient of a specimen containing 1 7 at% A1 at room temperature 
(lor high vacuum This is small and negative X-ray diffiactogram indicates that the film is polycrystalline and scanning election microscopy 
iilirms the polycrystallinity with a giain size ol approximately 40 nm The Hall voltage at rotim tcmperatuie is also found negative An attempt has 
also been made to explain the two experimental data
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1. Introduction
/n O  th in  f i lm s  a re  te c h n o lo g ic a l ly  irn p o r la n l d u e  to  th e ir  ra n g e  
oi e lec trica l a n d  o p tic a l p ro p e r tie s , w h ic h  m a k e  th e m  su ita b le  
lor a v a rie ty  o f  a p p lic a t io n s ,  s u c h  a s  s o la r  c e ll e le c tro n ic s , g a s  
sensors an d  o p tic a l w a v e -g u id e  d e v ic e s  etc. A  w id e  v a r ie ty  o f  
■.oating te c h n iq u e s  fo r  th e  t r a n s p a re n t  th in  film  a rc  k n o w n . S o l- 
gel [ 1 1 m e th o d  is a n o th e r  a ttra c t iv e  te c h n iq u e  fo r o b ta in in g  th in  
lilnis a n d  h a s  th e  a d v a n ta g e s  o f  e a s y  c o n tr o l  o f  th e  f i lm  
eo m p o sitio n  a n d  e a s y  fa b r ic a t io n  o f  a  la rg e  a re a  f ilm  w ith  lo w  
eosi. T h e re  a re  v e ry  fe w  d a ta  o n  th e  th e rm o e le c tr ic  p o w e r  an d  
Hall v o lta g e  o f  th e  Z n O  f ilm  p re p a re d  b y  so l-g c l te c h n iq u e . W e 
report h e re  th e  th c n n o e lc c tr ic  p o w e r , e le c tr ic a l re s is tiv ity  an d  
Hall v o lta g e  m e a s u re m e n ts  o f  1.7 a t%  A1 d o p e d  Z n O  f ilm s  at 
room tem p e ra tu re . T h e rm o e le c tr ic  p o w e r  (T E P ) is  m o s t sen s itiv e  
quantity  to  a n y  c h a n g e  o r  d is to r t io n  o f  th e  F e rm i su r fa c e  in  th e  
uiaicrial. In  th is  e x p e r im e n t, w e  u se  an  a n a lo g  su b tra c tio n  c irc u it 
lo m easu re  th e  T E P  o f  th e  s a m p le  to  a  h e a t p u ls e . H a ll m o b ili ty  
of the film  h a s  b e e n  m e a s u re d  b y  V a n d e r P a u w  p o in t p ro b e  
technique u s in g  a  .square  c o n f ig u ra t io n .
2. Preparation of films
T ran sp aren t a lu m in u m  d o p e d  z in c  o x id e  (Z n O ) f i lm s  h a v e  b e e n  
p repared  via s o l-g e l m e th o d  o n  s i l ic a -g la s s  su b s tra te s . In  th is
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m e th o d  /m e  a c e ta te  2 h y d ra te  IZ n (C H ^ C O O )^ , 2H oO ) h as been  
firs t d is so lv e d  in d e h y d ra te d  is o p ro p y l a lc o h o l (P r 'O H ) . T h e  
re s u lta n t so lu tio n  h as  b e e n  m ix e d  th o ro u g h ly  o n  a m a g n e tic  
s t i r r e r  W e th en  a d d  so m e  s o ls ta h i l i /e r s  in to  th e  so lu tio n  un til it 
b e c o m e s  tra n sp a re n t fro m  m ilky . F o r  a lu m in u m  d o p in g , w e have  
m ix e d  th e  re a g e n t AHNO^^), 9 H 2O . A l/Z n  ra t io  w a s  k ep t at 1.7 
i\{%. T h e  so lu tio n  a f te r  p ro p e r  m ix in g  h a s  b e e n  f i lte re d  an d  kep t 
fo r  o n e  d a y  b e fo re  d e p o s i t io n  on  th e  g la s s  su b s tra te  by th e  
d ra in  c o a tin g  m e th o d . T h e  su b s tra te  w a s  h e a te d  a t d if fe re n t 
te m p e ra tu re s  to  c ry s ta ll iz e  th e  z in c  o x id e  film . T h e  sa m p le s  w ere  
p re p a re d  by  re p e a tin g  th e  p ro c e d u re  te n  tim e s .
3 . X R D  a n d  S E M  s tu d ie s
T h e  X -ra y  d if f ra c t io n  s p e c tra  fo r  1 .7  a t%  A1 d o p e d  Z n O  th in  
film s p rep a red  at o n e  o f  the  tem p era tu re s  (55if'C) sh o w n  in F ig u re
(1 ) in d ic a te  th a t th e  film s a rc  p o ly c ry .s ta llin c  n a tu re . T h e se  f ilm s  
h a v e  a  b e t te r  o r ie n ta t io n  a lo n g  (2 0 0 ]  d i r e c t io n .  T h e  S F M  
m ic ro g ra p h s  o f  th e  film  w ith  1 .7  a t%  a lu m in u m  c o n te n ts , h ea te d  
a t th e  sa m e  te m p e ra tu re  h a v e  b e e n  sh o w n  in F ig u re  (2 ). T h e  
g ra in  s izx  is  a ro u n d  4 0  n m  fo r  th e  film . T h e  g ra in s  a rc  re g u la r  in 
s iz e  a n d  sh a p e  a n d  dcn .sc ly  p a c k e d  w ith  li tt le  p o ro s ity . T h e  
E D X  m e a s u re m e n t a ls o  a g re e  w ith  th e  c o m p o s it io n  q u o te d  
a b o v e .
© 2 0 0 1  lA C S
434 G K  Paul. S  fiandyopadhyay and  S  K  Sen
4. Hall voltage measurements
T h e  e le c tr ic a l c o n d u c tiv ity , th e  c a r r ie r  c o n c e n tra t io n  a n d  H a ll 
m o b i l i ty  o f  th e  f i lm  w e re  m e a s u re d  a t  ro o m  te m p e ra tu re  b y  th e  
V a n  d e r  P a u w  p o i n t  p r o b e  t e c h n i q u e  u s i n g  a  s q u a r e  
c o n f ig u r a t io n .  T h e  fo u r  c o n ta c ts  w e re  g o ld  d e p o s i te d .  T h e  
m e a s u re m e n ts  w e re  c a r r ie d  o u t u ti l iz in g  a  m a g n e tic  f ie ld  o f  6  






















Figure 1. XRD spectra for 1.7 at% Al doped ZnO thin film.
Figure 2. SEM micrograph of 1.7 at% Al doped ZnO thin film.
S e v e r a l  H a ll  v o l ta g e  r e a d in g s  w e re  ta k e n  c h a n g in g  th e  
c u r r e n t  a n d  p lo t te d  in  a  g ra p h . F ro m  th e  s lo p e  o f  th is  g ra p h  th e  
c a r r i e r  c o n c e n t r a t i o n  (N^ )^ h a s  b e e n  c a l c u l a t e d  u s in g  th e  
fo l lo w in g  e x p re s s io n
N j^ lB IV f fe d . ( 1)
w h e re  = is  th e  H a ll v o lta g e , / = a p p lie d  c u r re n t, ( )  is th e  
s lo p e  o f  th e  vs /  g ra p h , B is  th e  m a g e n t ic  f ie ld , e =  e le c tro n ic  
c h a rg e  a n d  d s  th ic k n e s s  o f  th e  f i lm .
R e s is tiv ity  h a s  b e e n  m e a s u re d  b y  in te rc h a n g in g  th e  cu iicni 
a n d  p o te n t ia l  te r m in a ls  a s  th e  u s u a l  p r a c t ic e  in  fo u r  
m e a s u re m e n ts .  R e le v a n t e x p re s s io n  fo r  th is  c o n f ig u ra t io n  is
p  =  ( ; r r y / l n 2 ) ( V / / ) .
V =  m e a s u re d  v o lta g e . /  =  m e a s u re d  c u rre n t, 
] / p = a  -  NjefJ.
U sin g  e x p re s s io n s  ( 1 ), (2 )  a n d  (3 ) , th e  m o b ili ty  ( p ) carj K 
e a s i ly  d e te r m in e d . T h e  H a ll  m e a s u re m e n t in d ic a te s  that liu.- 
v o lta g e  is n e g a tiv e . T h e  r e s u lta n t  v a lu e  o f  f ro m  th e  slope  ol 
th e  g ra p h  is  1.4 x  1 0 *^  /  cm ^  a n d  m o b ili ty  c o m e s  o u t to  be 27  ^
c m V v o lt-s e c  f ro m  c q . (3 )  c o m b in in g  c o r r e s p o n d in g  resistiv ity  
d a ta .
5. Thermoelectric power
F ig u re  (3 )  id e n tif ie s  th e  p r im a ry  th e rm o e le c tr ic  v o lta g e  AV/ ( / -  












Figure 3. Schcmutic diagram of experimental setup for thermoclcLtn. 
power measurement
p o w e r  a n d  a rc  th e  a b s o lu te  th e rm o e le c tr ic  powers o)
th e  th e r m o c o u p le  a rm s . I f  T is  th e  s a m p le  le m p e ra iu ic , 7  . 
re f e re n c e  te m p e ra tu re ,  A V 's c a n  b e  d e f in e d  as
A V ,^ ( Q s - Q ^ ) A T .
^ v  ^ = !(Qa - Q s ) ^ t ,
AV,={Q s - Q b )A T .
w h e r e  A T  i s  t h e  t e m p e r a t u r e  d i f f e r e n c e  b e tw e e n  tw o  
th e r m o c o u p le  ju n c t io n  a t ta c h e d  to  th e  s a m p le . T h e  sim plest 
e x p e r im e n ta l  a p p ro a c h  is  to  a p p ly  a  h e a t  p u ls e  to  o n e  e n d  o f  the 
sa m p le , d e v e lo p  a  sm a ll te m p e ra tu re  d if fe re n c e  A T  an d  measure 
th e  v o lta g e s  as  it  is o r  a m p lify  th e m  a n d  g e l p lo tte d  in  a  com puter. 
T h e  r a t i o  o f  (AV^ / AT)  a n d  (A V y/A T )  a r e  th e  re la tiv e  
th e n n o e le c tr ic  p o w e rs  o f  s a m p le  a n d  e le m e n t A{C\x) an d  clem ent 
B (c o n s ta n ta n )  r e s p e c tiv e ly . In  fa c t, w c  h a v e  u se d  o n e  analog' 
s u b t r a c t io n  c i r c u i t  w h ic h  a m p l i f ie s  th e  s u b t r a c t io n  vo ltage 
{AV^-AV^)  a n d  AV^ s u b s e q u e n t l y ,  t h e  p l o t  o f  AV^  
s u b tra c t io n  v o lta g e  y ie ld s  th e  th e r m o e le c tr ic  p o w e r  a n d  store 
in  th e  P C . In  o rd e r  to  m e a s u re  th e  a b so lu te  th e rm o e le c tr ic  power, 
o n e  o f  th e  a rm s  u se d  w a s  le a d  (P b )  w h o s e  th e rm o e le c tr ic  pow er
Pr^patation of aliiDiinuni doped zinc oxide films b \ sol-gel method etc 4 3 5
IS almost nil. The corresponding graph is shown in Figure (4) 
who.se slope is 0.23 mv/°K.
Difference in Temperature (K°)
Ki)>urc 4. Din'crcntial Voltage a.s a function of differential temperature at 
11)0111 temperature
6. Discussion
As Hall m easu rem en ts  ind ica te  n -type conduction  the 
ihennoclcctric power should be negative. There are situations
where n-type tif matcrtals show p-type thermopower (2,3). But 
m this case, the thermoelectric voltage .shows that the major 
canters are negatively charged. Most of the existing theories 
concern simple semiconducting materials like Gc. In the case of 
ex trinsic  non-dcgcncratc  sem iconductor, there arc two 
contributions to thermoelectric power. One of them is the energy 
flux relative to electrochemical potential carried through the 
thermoelectric circuit and the other resulting from electron 
phonon interaction. Considering both contributions 14), our 
experimental value fits well to the theoretical value if we a.ssume 
diat the interaction o f the electrons is with ionised impurity. 
Further work on this area is under progress.
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